Cervical cancer is the third most common female cancer and the fourth leading cause of cancer death in women worldwide [1] . It is the sixth most common female cancer and the seventh leading cause of cancer death in Korea [2, 3] . At present, radical hysterectomy (RH) followed by tailored adjuvant therapy and primary chemoradiation therapy (CRT) are the
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www.ejgo.org 227 most frequent treatments employed for patients with bulky early-stage (stage IB2 and IIA2) cervical cancer [4] . However, the optimal treatment modality in these patients remains unclear.
Only a single randomized controlled trial reported to date has compared RH followed by tailored adjuvant therapy with primary radiation therapy (RT) in patients with early-stage cervical cancer [5] . However, as the cited trial included only 40 patients with bulky early-stage cervical cancer in each treatment group, and was conducted before the era of CRT, the results thereof cannot be generalized to all patients with bulky early-stage cervical cancer. To the best of our knowledge, only two small retrospective case-control studies have compared RH followed by tailored adjuvant treatment with primary CRT in patients with bulky early-stage cervical cancer [6, 7] . The survival outcomes were similar in these studies [5] [6] [7] . However, recent larger series suggested that patients who underwent RH followed by tailored adjuvant therapy experienced better survival outcomes compared to primary CRT [4, 8, 9] . Moreover, it has been suggested by investigators in the USA that RH followed by tailored adjuvant therapy is potentially the most cost-effective treatment strategy for patients with bulky earlystage cervical cancer compared to other treatment strategies including CRT [10, 11] , indicating that the role of RH in such patients should be re-evaluated. It is necessary to clarify whether RH followed by tailored adjuvant therapy, or primary CRT, is the better treatment modality in such patients. We therefore compared survival outcomes and treatment-related morbidities in patients with bulky early-stage cervical cancer who underwent RH followed by tailored adjuvant therapy, and those who received primary CRT.
MATERIALS AND METHODS

Study population
We retrospectively searched the records of two tertiary cancer centers located in Seoul, Korea (Asan Medical Center and Samsung Medical Center) and identified all consecutive patients with stage IB2 or IIA2 cervical cancer who underwent RH followed by tailored adjuvant therapy, or primary chemoradiation therapy. Patients were included if they had: 1) histologically confirmed cervical cancer of stage IB2 or IIA2 according to the International Federation of Obstetrics and 
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Gynecology (FIGO) staging system revised in 2009 [12] ; 2) a tumor diameter >4 cm on magnetic resonance imaging (MRI); and 3) squamous cell carcinoma, adenocarcinoma, or adenosquamous carcinoma. Patients with small cell neuroendocrine carcinomas, those with occult cervical cancer detected after simple hysterectomy, and those who received neoadjuvant chemotherapy, were excluded. Because current standard tailored adjuvant therapy after RH is RT or CRT for intermediate risk groups [13] and CRT for high risk group [14] , patients who did not receive RT or CRT after RH in intermediate risk group and patients who did not receive CRT after RH in high risk group were excluded. Fig. 1 shows the patient flow for this study. Of the 362 patients who were evaluated for the eligibility criteria of this study, 147 patients underwent RH and 68 patients received primary CRT. Demographic and clinicopathological data were gathered from medical records of the patients. The study protocol was approved by the Institutional Review Board of each center.
Definitions
Intermediate risk group after RH was defined according to Gynecologic Oncology Group (GOG) protocol 92 [13] . High risk group after RH was defined as patients with parametrial involvement, lymph node metastasis, or positive resection margin [14] . Recurrence-free survival (RFS) was defined as the time, in months, from the date of RH or CRT, to the date of first documented recurrence, death or date of last contact. Overall survival (OS) was defined as the time, in months, from the date of RH or CRT to the date of death; or for living patients, the date of last contact regardless of whether or not this contact is on a subsequent protocol. All documented treatmentrelated toxicities were graded using the Radiation Therapy Oncology Group (RTOG) criteria and the NCI Common Toxicity Criteria for Adverse Events (CTCAE, version 3.0). Toxicities observed within 4 weeks of treatment were categorized as early complication, whereas those occurring later were considered to be late complication.
Radical hysterectomy
All patients underwent Piver-Rutledge type 3 hysterectomy with pelvic and/or para-aortic lymphadenectomy [15] . According to the pathologic risk factors, 48 (20.2%), 30 (33.8%), and 69 (46%) patients were low risk, intermediate risk, and high risk group, respectively. None of 48 patients in low risk group received adjuvant therapy. Of 30 patients in intermediate-risk group, 21 patients (13.1%) and 9 patients (26.2%) received adjuvant RT and CRT, respectively (Fig. 1) . Of the 69 patients in high-risk group, received adjuvant CRT (Fig. 1) 
Primary chemoradiation therapy
Patients received external pelvic RT (radiation dose range, 4,140 to 5,040 Gy), intracavitary brachytherapy (radiation dose range, 3,000 to 3,500 cGy), and parametrial booster dose (radiation dose range, 540 to 1,200 cGy). All patients received concurrent chemotherapy during external beam RT consisted of weekly cisplatin in 52 patients, 5-fluorouracil/cisplatin in 10 patients, or paclitaxel/cisplatin in 6 patients.
Statistical analysis
Oncologic outcomes and treatment-related complications were compared between patients who underwent RH and those who received CRT. Mean values in the two groups were compared using Student's t-test or the Mann-Whitney U-test. Frequency distributions were compared using the chi-squared test or Fisher's exact test. RFS and OS were estimated using the Kaplan-Meier method and group data were compared using Cox's proportional hazards models. The data were initially compared using univariate analysis, and all variables significant in this exercise were included in multivariate analysis, again using Cox's proportional hazards method. Two-sided pvalues <0.05 were regarded as significant. All statistical analyses were performed using SPSS ver. 11.0 (SPSS Inc., Chicago, IL, USA). Table 1 shows the demographic and clinical characteristics of the 215 patients. Mean patient age was significantly higher in the CRT group (46.9 vs. 53.9 years, p<0.001), but there was no between-group difference in the body mass index (BMI), the presence of comorbid medical disease, Eastern Cooperative Oncology Group (ECOG) performance status, FIGO stage, tumor histology, pretreatment serum SCC Ag concentration, mean tumor diameter, tumor diameter distribution as assessed using 2 cm intervals, parametrial invasion, or lymph node metastasis on MRI.
RESULTS
Patients' characteristics
Oncologic outcomes
The mean and median follow-up times were 46 and 40 months (range, 3 to 130 months), respectively, for all patients; www.ejgo.org 229 47 and 40 months (range, 3 to 130 months), respectively, for patients in the RH group; and 42 and 40 months (range, 3 to 112 months), respectively, for patients in the CRT group (p=0.253). Disease recurrence was observed in 27 RH (18.4%) and 20 CRT (29.4%) patients (p=0.068); 23 (15.6%) and 17 (15.6%) patients, respectively, died of disease (p=0.101). The 5-year RFS rates were 77% in the RH group and 66% in the CRT group (p=0.047) (Fig. 2A) ; the 5-year OS rates were 78% in the RH group, and 67% in the CRT group (p=0.048) (Fig. 2B) . The pattern of recurrence was similar between RH group and CRT group (p=0.409) ( Table 2) .
By univariate analysis, all of histologic type, and treatment group, were significantly associated with RFS; whereas none of age, BMI, the presence of comorbid medical disease, FIGO (Table 3) . When dividing patients into three groups: those who underwent RH alone (n=48), those who underwent RH+(chemo) radiation therapy ((C)RT) (n=99), and those who received primary CRT (n=68), RH alone group had significantly better RFS and OS compared to RH+(C)RT group (p=0.012 for DFS, p=0.003 for OS) and CRT group (p=0.080 for DFS, p=0.020 for OS) (Fig. 2C, D) . In RH alone group, 5 (10.4%) of 48 patients had recurrent disease and 3 (6.3%) of them died of disease. Therefore, 43 of 147 patients (29.3%) in RH group were cured CRT, chemoradiation therapy; RH, radical hysterectomy. www.ejgo.org 231 
Treatment-related complications
Grade 3-4, early complications were documented in 1 (2.1%), 24 (24.2%), and 21 (30.9%) patients of the RH alone group, RH+RT group, and CRT group, respectively (p=0.001) ( Table 4) . Grade 3-4, late complications were observed in 1 (2.1%), 1 (1%), and 6 (8.8%) patients of these groups, respectively (p=0.026) ( Table 4) . Lymphedema of the lower extremities was documented in 6 (12.5%), 9 (9.1%), and 1 (1.5%) patients of these groups, respectively (p=0.058).
DISCUSSION
We found that 29.3% of patients with tumors >4 cm in diameter were cured by RH alone without RT, consistent with the rates of 37-51% previously observed in patients with bulky early-stage cervical cancer [6, 7, 16, 17] . Many more patients than expected did well after surgery alone, and such patients experienced the best survival outcomes and the lowest morbidity rates, indicating that RH continues to play a significant role in patients with bulky early-stage cervical cancer. This is one of the best advantages of RH followed by tailored adjuvant therapy because it makes the patients avoid inadvertent radiation therapy.
In our series, multivariate analysis showed that RH was associated with a significantly lower risk of recurrence (OR, 2.26; 95% CI, 1.24 to 4.14; p=0.008) and death (OR, 3.02; 95% CI, 1.53 to 5.98; p=0.001) compared to CRT. Previous studies including a randomized controlled trial suggested that RH afforded survival outcomes similar to those seen after definitive RT or CRT in patients with bulky early-stage cervical cancer [5] [6] [7] . However, the cited works included only a small numbers of patients with bulky early-stage cervical cancer, and did not evaluate important prognostic factors in survival analysis, such as lymph node metastasis status or parametrial invasion as seen on MRI. Recently, a relatively large-scaled study suggested that RH would yield better survival outcomes compared to CRT in bulky early-stage cervical cancer [4, 9] , and a multivariate analysis of Surveillance, Epidemiology, and End Results (SEER) data showed that RH was associated with a 49% improvement in survival compared to CRT in bulky early-stage cervical cancer [8] ; an outcome consistent with our findings. This indicates that RH followed by tailored adjuvant therapy is a potentially more effective treatment modality than is CRT for patients with bulky early-stage cervical cancer. In our series, the lymph node failure rate was higher in CRT group than RH group although it was not statistically significant (14.7% vs. 8.2%). This is in good agreement with previous data [18] [19] [20] . In addition, several studies suggested that the rate of residual disease on lymph node was 43.8% to 49% after CRT followed by lymphadenectomy in patients with locally advanced cervical cancer [21] [22] [23] . We think that this may be one of the reasons for improved survival in RH group.
In our study, the 5-year survival rates differed by about 10 percentage points (78% vs. 66%, p=0.002). Such a difference may be clinically significant and should be further evaluated in randomized controlled trials that include sufficient numbers of study subjects. We have calculated that recruitment of a total of 424 patients (212 patients per group), and the occurrence of 144 events, are required to show that a 10% difference in OS by the fifth year (hazard ratio, 0.627) is statistically significant, with an alpha-value of 0.05 and a beta-value of 0.2 on two-sided tests. Assuming accrual of 85 patients/year, the study would require 10 years, 5 for accrual and 5 for followup. Such a trial will be launched soon by the Korean Gynecologic Oncology Group (KGOG 1029). For successful surgical treatment for bulky early-stage cervical cancer in this trial, the radicality of surgery is of paramount importance and surgical procedures should be standardized. To achieve surgical radicality and standardize the surgical procedures, live surgery workshops on laparoscopic radical hysterectomy was held in each center by turns among KGOG affiliated hospitals for the past ten years.
Earlier studies have suggested that use of a combination of RH and RT was associated with the highest morbidity rates compared to RH alone group and CRT group, including serious toxicity frequencies >20% [5, 6, 24] . Physicians were reluctant to perform RH in patients with bulky early-stage 
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cervical cancer based on these results. However, recent other reports found that the rates of serious toxicity were lower after RH+RT; the rate of toxicity of grades 3-4 was only 7%, being 2% and 3% in terms of gastrointestinal and genitourinary complications, respectively [13, 16, 25] . When we evaluated the occurrence of grade 3-4 toxicities that required treatment, we found that the rates of grade 3-4 early complications were not different between RH+RT group and CRT group (24.2% vs. 30.9%, p=0.342). Rather, the rates of grade 3-4 late complications was lower in RH+RT group compared to CRT group although the difference was not statistically significant (1% vs. 8.8%, p=0.019). Most complications were associated with radiation therapy per se. Because adjuvant RT in RH+RT group features only external pelvic RT, at doses of 4,140-5,040 cGy, whereas definitive RT in CRT group consists of external pelvic RT followed by intracavitary brachytherapy and parametrial boosting; the radiation dose to the bowel, bladder, and vagina was much higher in the definitive RT group. Therefore, RTrelated bladder, rectal, and vaginal complication rates should be greater in this group compared to the adjuvant RT group. Because our study is a retrospective one and included study subjects which is not big enough to confirm the complication rates between the two treatment groups, the complication rates associated with each treatment modality (RH+RT group vs. CRT group) should be re-evaluated in a randomized controlled trial. Because we assessed patients over a long period of time, during which the selection criteria for initial treatment and adjuvant therapy varied, and this study was a retrospective one, selection bias may have been present. In addition, the treatment strategies for patients with bulky early-stage cervical cancer differed among the two centers, with one favoring RH followed by tailored adjuvant therapy, and the other permitting treatment to be at the discretion of the attending physician. Therefore, this may be a possible bias. However, we tested for associations between different clinicopathological variables that could be potential confounding factors in the two treatment groups. Apart from mean age, there was no significant between-group difference in any clinicopathologic factor or potential prognostic factor, including parametrial invasion status and lymph node metastasis. Further, we employed multivariate analysis after adjusting for all other factors that could significantly impact survival. Therefore, we think that the impact of selection bias on the outcomes was minimized. The strength of this study is that this is the largest one which compared the outcomes of patients with bulky earlystage cervical cancer between RH group and CRT group and which was conducted in the era of CRT.
In conclusion, a significant proportion of patients with bulky early-stage cervical cancer were cured by RH alone. Such patients experienced the best survival outcomes and the lowest morbidity rates. RH followed by tailored adjuvant therapy resulted in a significantly better RFS and OS, and significantly lower treatment-related morbidity rates than were afforded by primary CRT in patients with bulky early-stage cervical cancer. A randomized controlled trial to compare these two treatment modalities is warranted.
